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© Refrigerator with a frozen food compartment 

© A refrigerator with a Irozen food compartment 
wherein cooled air which is produced by an evapora- 
tor (18) is forcibly carried to a refrigerating compart- 
ment (3) and other awnpartments (2, 5) by a tan 
(20); characterized in that it comprises: 

a low temperature compartment (5) which is 
arranged in the refrigerating compartment (3). and 
which has a front portion opened; 

a chilled food case (7) which is housed in the 
tow temperature compartment (5) to be sfidaWe for- 
ward and backward therein, and which has a front 
portion and an upper portion opened; 

a common cover (8) which can close and dis- 
close the front portions of the low temperature com- 
partment (5) and the chilled food case (7); 

a cooling top plate (16) for covering the upper 
opened portion of the chilled food case (7); 

a cooled air path (17) which Is formed between 
the top plate (16) and the low temperature compart- 



ment (5); and 

a supply passage (13) which directs a part of the 
cooled air produced by the evaporator (18) to the 
cooled air path (17). 

FIGURE r 
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The present Invention relates to a chilled food 
ease in a low temperature compartment, which is 
arranged in a refrigerating compartment 

Referring to Figures 29 and .30. there is shown 
a conventional refrigerator with a frozen food com- 
partment which has been disclosed in Japanese 
Unexamined Utility Model Publication No. 
55969/1985, as a perspective front view in Figure 
29, and as a cross sectional view In Figure 30. In 
these Figures, reference numeral 1 designates the 
refrigerator as a whole. Reference numeral 2 des- 
ignates a frozen food compartment Reference nu- 
meral 3 designates a refrigerating compartment 
which is separated and isolated from the frozen 
food compartment 2 by a partition wall 4. Refer- 
ence numeral 5 designates a low temperature com- 
partment which is arranged at a top portion in the 
refrigerating compartment 3. Reference numeral 6 
designates a salad drawer. Reference numeral 7 
designates a chilled food case which is housed In 
the low temperature compartment 5 to be detacha- 
ble from it. fleference numeral 8 designates a 
cover which is arranged at the front end pi the 
chilled food case 7. Reference numeral 9 des- 
ignates a low temperature housing which forms the 
low temperature compartment 5 and has an upper 
portion opened- Reference numeral 10 designates 
a lower portion wall which forms the bottom of the 
low temperature housing. Reference numeral 11 
designates a cooled air pass which Is arranged 
between the lower partition wall 10 and the under- 
surface of the chilled food case 7. Reference nu- 
meral 12 designates communication ports which 
communicate with the cooled air pass 11 to supply 
cooled air into the refrigerating compartment 3. 
Reference numeral 13 designates a supply pas- 
sage which extents from an evaporator, and which 
controls the amount of the cooled air into the 
refrigerating compartment 3 by a damper thermo- 
stat 14. The damper thermostat automatically 
opens and closes a cooled air outlet 13a of the 
supply passage. Reference numeral 15 designates 
a shunt Supply passage which directs part of the 
cooled air controlled at the damper thermostat 14 
to the low temperature compartment 5. and which 
communicate with the cooled air pass 11. 

The operation of the conventional refrigerator 
will be explained. 

The cooled sir which has been produced by 
the evaporator (not shown) is carried by a fan (not 
shown). A part of the cooled arr passes through the 
supply passage 1 3 to the refrigerating compart- 
ment 3. The damper thermostat 14 which automati- 
cally opens and closes the cooled air outlet 13a 
depending on a temperature in the refrigerating 
compartment controls the amount of the cooled air 
to cool the inside of the refrigerating compartment 
3 to a predetermined temperature (3*C). Another 



part of the cooled air passes through the cooled air 
pass 11 to cool the tow temperature compartment 
5, thereby cooling the inside of the low temperature 
compartment 5 to a predetermined temperature 
s <0'C). Then thai part of the cooled air passes 
through the communicating port 12. and enters the 
refrigerating compartment 

Since the conventional refrigerator cools the 
low temperature compartment In that manner, a 
to great amount of the cooled air is forced to pass 
through an inner bottom portion of the low tem- 
perature compartment, and then the cooled air is 
dBscharged into an inner top portion of the refng- 
erating compartment This creates problems in that 
,5 the food which is stored in the low temperature 
compartment is frozen, and that high humidity cart- 
not be kept because the low temperature compart- 
ment Is not closed. 

ft is an object of the present Invention to eflmr 
20 nate the problems mentioned above, and to pro- 
vide a refrigerator with a frozen food compartment 
capable of preverrtjng a chilled food case in a low 
temperature housing arranged in a refrigerating 
compartment from being frozen, and of keeping the 
25 inside of the chilled food case at high humidity to 
prevent stored food from being dried. 

According to a first aspect of the present In- 
vention, there is provided a refrigerator with a fro- 
zen food compartment wherein cooled air which is 
so produced by an evaporator Is forcibly carried to a 
refrigerating compartment and other compartments 
by a fan; comprising a low temperature compart- 
ment which is arranged in the refrigerating com- 
partment and which has a front portion opened; a 
35 chilled food case which Is housed In the low tenv 
perature compartment to be slidable forward and 
backward therein, and which has a front portion 
and an upper portion opened; a common cover 
which can close and disclose the front portions of 
40 the low temperature compartment and the chilled 
food case; a cooling top plate for covering the 
upper opened portion of the chilled food case; a 
cooled air path which is formed between the top 
plate and the low temperature compartment and a 
45 supply passage which directs a part of the cooled 
air produced by the evaporator to the cooled air 

path. . 

In a second aspect of the present invention, the 
refrigerator including the first aspect further corn- 
so prises a 00016(3 P* 5 ^ 6 which communicates 
with the cooted air path, which is formed on an 
outer peripheral surface of the chilled food case, 
and which opens on the refrigerating compartment. 
According to the first and second aspects, the 
« low temperature compartment can be prevented 
from being frozen and also be closed to keep the 
inside of the chilled food case at high humidity. 
In a third aspect of the present invention, the 
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refrigerator including the first aspect further com- 
prises a cooled air return passage which return? 
the cooled w to the evaporator. 

According to the third aspect, the cooled air 
which has flowed along the cooling top plate is 
returned to an evaporator chamber without being 
discharged into the refrigerating compartment, 
thereby allowing the inside of the chilled food case 
to have a desired temperature independently. 

In a fourth aspect of the present Invention, the 
refrigerator including the first aspect further com- 
prises a faing frame for the chiliad food case, 
including an upper frame and a rear projecting 
frame; the upper frame covering the upper opened 
portion of the chilled food case and having the top 
plate put thereon; the rear projecting frame formed 
with the upper frame through a hinge portion in 
one-piece, forming a part of the cooled ahr pas- 
sage, and having a rear end surface abutted 
against a rear inner wall of the low temperature 
compartment to be fixed. 

According to the fourth aspect beating the 
cooling top plate and the chilled food case can be 
accurately done. 

In a fifth aspect of the present Invention, tne 
refrigerator including the first aspect Is character- 
ized in that the cooling top plate is arranged above 
the chilled food case, and is engaged with the low 
temperature compartment through a surrounding 
frame so as to be detachable downward, the sur- 
round frame being arranged around the cooling top 



According to the fifth aspect, the cooling top 
pfale can be removed for cleaning without detach- 
ing the cover and the chilled food case. 

In a six aspect of the present invention, the 
refrigerator including the first aspect is character- 
ized in that the cooling top plate is made of a 
porous material. 

According to the six aspect, excessive mois- 
ture in the low temperature compartment can be 
kept in the cooling lop plate of the porous material. 

In the seventh aspect of the present invention, 
the refrigerator Including the six aspect is char- 
acterized In that the cooling cooling top plate com- 
prises a hydrophilic porous material having a hu- 
midity adjusting Miction at the side of the cooled 
air path, and a hydrophilic porous material having a 
moisture absorption and moisture retention function 
at the side of the chilled food case. 

According to the seventh aspect, the inside of 
the chilled food case can be kept at high humidity 
to restrain stored food from being dried, thereby 
obtaining high quafity of preservation. 

m an eighth aspect of the present .nverrtion, 
the refrigerator including the six aspect is char- 
acterized in that the cooling top plate comprises a 
hydrophilic porous material having a small porosity 



at the side of the cooled air path, and a hydrophilic 
porous material having a greater porosity at the 
side of the chilled food case. 

According to the eighth aspect, when the inside 
5 of the chilled food case has low humidity, the part 
of the top plate which has a smaller porosity car- 
ries out such control that the absorbed moisture is 
prevented from being discharged to the cooled air 
path to an excessive extent thereby obtaining high 
10 quality of preservation. 

In a ninth aspect of the present invention, the 
refrigerator including tha first aspect is character- 
ized In that the cooling top plate contains a deodor- 
izing catalyst and an antibacterial agent 
1S According to the ninth aspect, the deodorizing 
catalyst and the arrtibacterial agent which are con- 
tained in the cooling top plate work to prevent the 
chilled food case from having a fungus or an odor 
in It 

20 In a tenth aspect of the present invention, the 
refrigerator including the first aspect is character- 
ized in that the cooled air path above the cooling 
top plate includes a heating element 

According to the tenth aspect, even if the eool- 
zs ing top plate is iced, the ice can be melted by the 
heating element which Is arranged In the cooled air 
path above the cooling top plate. 

to the eleventh aspect of the present Invention, 
the refrigerator including the tenth aspect further 
30 comprises control means which carries out such 
control that the supply passage is shut while en- 
ergizing the heating element at the time of defrost- 
ing the cooling top plate. 

According to the eleventh aspect, when trie 
3S chilled food case cooling top plate is defrosted, the 
supply passage can be shut to shorten a defrosting 
time period. 

h a twelfth aspect of the present invention, the 
refrigerator including the eleventh aspect is cher- 
40 acterized in that the heating element is provided 
with a temperature sensor, and has control means 
which carries out such control that the temperature 
of the heating element is kept at constant during 
energization, 

«s According to the twelfth aspect, unnecessary 
heating of the top plate by the heating element can 
be avoided to obtain high quality of preservation. 

In the thirteenth aspect of the present inven- 
tion, the refrigerator including the tenth aspect fur- 
so ther comprises a heating element for defrosting the 
cooling top plate and controlling the temperature m 
the chilled food case, and means for adjusting the 
heat generation from the heating element. 

According to the thirteenth aspect, defrosting 
k the top plate and maintaining the Inside of th© 
chilled food case at a certain temperature can be 
done by use of a single heating element. 

In a fourteenth aspect of the present invention. 
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the refrigerator Including the thirteenth aspect is 
characterized in that the heat generation adjusting 
means adjusts the heat generation, depending on 
the time period in which a compressor Is being 

driven. 5 
According to the fourteenth aspect, defrosting 

the top plate is carried out when the time period in 

which the compressor has been driven has passed 

a predetermined time period. 

In drawings: 10 
Figure 1 is a vertical cross sectional and partial 
diagrammatic view of a first embodiment of th© 
refrigerator according to the present invention; 
Rgure 2 is an enlarged cross sectional view of 
the essential parts of the refrigerator according rs 
to the first embodiment; 

Rgure 3 is a graph showing the state of a 
decrease in moisture of stored food In accor- 
dance with the first embodiment; 
Figure 4 is an enlarged cross sectional and so 
partial diagrammatic view of the refrigerator ac- 
cording to a second embodiment; 
Rgure 5 is an enlarged cross sectional view of 
the essential parts of the refrigerator according 
to a third embodiment; 26 
Rgure 6 is an enlarged perspective vfew of the 
essential parts of the refrigerator according to 
the third embodiment; 

Rgure 7 is a front view of the essentia! parts Of 

the refrigerator according to a fourth embodl- ao 

ment; 

Rgure 8 is a cross sectional side view of tne 
essential parts of the refrigerator according to 
the fourth embodiment; 

Rgure 9 is a perspective view of the cooling top 3s 
plate according to a fifth embodiment; 
Rgure 10 is a perspective view of the cooling 
top plate according to a sixth embodiment; 
Rgure 11 fs a vertical cross sectional view of 
the essential parts of the refrigerator according *o 
to a seventh embodiment 
Rgure 12 Is an enlarged cross sectional view of 
the refrigerator according to the seventh em- 
bodiment; 

Rgure 13 is a schematic circuit diagram for the 45 
heating element of the refrigerator according to 
the seventh embodl menl; 
Rgure 14 is another schematic circuit diagram 
for the heating element of the refrigerator ac- 
cording to the seventh embodiment 60 
Rgure 15 is another schematic circuit diagram 
for the heating element of the refrigerator ac- 
cording to the seventh embodiment; 
Rgure 16 is a schematic circuit diagram for the 
heating element of the refrigerator according to ss 
an eighth embodiment 

Rgure 17 is 8 graph showing the relationship 
between deodorizing performance and the heat- 



ing element in (he eighth embodiment: 
Figure 1B is a vertical cross sectional view 
showing the essential parts of the refrigerator 
according to a ninth embodiment 
Rgure 19 is a timing chart of the refrigerator 
according to the ninth embodiment; 
Rgure 20 is a flowchart for the refrigerator ac- 
cording to the ninth embodiment; 
Rgure 21 Is a vertical cross sectional view 
showing the essential parts of the refrigerator 
according to a tenth embodiment; 
Rgure 22 Is a timing chart for the refrigerator 
according to the tenth embodiment 
Figure 23 is a flowchart for the refrigerator ac- 
cording to the tenth embodiment 
Rgure 24 is a vertical cross sectional view 
showing the essential parts of the refrigerator 
according to an eleventh embodiment; 
Rgure 25 is a control block diagram for the 
refrigerator according to the eleventh embodi- 
ment; 

Rgure 26 is a flowchart for the refrigerator ac- 
cording to the eleventh embodiment; 
Rgure 27 is a graph showing the heating ele- 
ment terminal voltage of the refrigerator accord- 
ing to the eleventh embodiment 
Figure 28 is a table showing the heating element 
energizing rate of the refrigerator according to 
the eleventh embodiment; 
Rgure 29 Is a perspective view of a conven- 
tional refrigerator with a frozen food compart- 
ment and 

Rgure 30 is an enlarged vertical cross sectional 
view showing the essential parts of the conven- 
tional refrigerator. 
Now, the present invention will be described in 
detail with reference to preferred embodiments il- 
lustrated in the accompanying drawings. 

EMBODIMENT 1: 

A first embodiment of the present invention will 
be explained. In Rgure 1. parts similar to the 
conventional refrigerator are Indicated by the same 
reference numerals as the conventional refrigerator 
shown m Rgures 28 and 30. Explanation of these 
parts will be omitted for the sake of simplicity. In 
Rgure 1, reference numeral 7 designates a chilled 
food case which can be housed In a closed low 
temperature compartment 5. which can be slldable 
forward and bacbvard, and which has a front por- 
tion and an upper portion opened, the closed low 
temperature compartment 5 being arranged just 
below a partition wail 4. Reference numeral 9 des- 
ignates a low temperature housing which forms the 
closed low temperature compartment 5 in it, and 
which has an upper portion opened. Reference 
numeral 8 designates a common cover which 
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opens and closes a front portion of the tow tem- 
perature housing and the front portion of the chilled 
food case 7. Reference numeral 16 designates a 
cooling top plate which covers the upper portion ol 
the chlllBd food case 7, and which can t* con- 
stituted by a porous material to hold moisture 
evaporated from stored food. Reference numeral 
17 designates a cooled air path for the chiliad food 
case 7, which Is arranged in the closed low tem- 
perature compartment 5 so as to be located be- 
tween the cooling top plate 16 and the undersur- 
face of the partition waH 4. Cooled air which has 
been produced by an evaporator 18 is carried 
through a supply passage 13 toward a refrigerating 
compartment 3, A part of the cooled air, the 
amount of which is controlled by a damper thermo- 
stat 14 arranged In a cooled atr outlet 13a of the 
supply passage 13, is directed through a shunt 
supply passage 15, and enters the cooled air path 
17. That part of the cooled air flows along the 
cooling top plate 16 of the chilled food case 7. 
Then, as shown In Figure 2, that part of the cooled 
air flows through a cooled air passage 19 which re 
formed along outer side surfaces, an outer rear 
surface and an outer bottom surface of the chilled 
food case 7 and Is discharged Into tne refrigerating 
compartment 3> Reference numeral 20 designates 
a fan which is arranged at an upper portion in an 
evaporator chamber A to forcibly circulate cooled 
air. Reference numeral 21 designates an evapora- 
tor defrosting heating element which is arranged 
just below the evaporator 18. 

In operation, the cooled air which is produced 
by the evaporator 18 is fed by the fan 20 to be 
blown off into a frozen food compartment 2. there- 
by cooling it. A part of the cooled air is directed to 
the cooled afr outlet 13a through the supply pas- 
sage 13 toward the refrigerating compartment 3. 
That part of the refrigerant, the amount of which is 
controlled by the damper thermostat 14 in the 
cooled air outlet 13a. cools the inside of the refng- 
erating compartment 3 to a predetermined tem- 
perature (3* C). 

Another part of the cooted air is directed 
through the shunt supply passage 15. and flows 
along the top surface of the cooling top plate 16 
made from the porous material. Then that part of 
the cooled air flows along the outer surfaces of the 
chilled food case 7, and Is discharged into the 
refrigerating compartment 3 through the cooled air 
passage 19. 

The arrangement wherein the surface ol the 
cooling top plate which the supplied cooled air is 
first given to has the lowest temperature among the 
temperatures in the chilled food case 7 prevents 
the temperatures of the inner bottom surface with 
stored food put thereon and the inner penpneral 
surfaces of the chilled food case 7 from towenng to 



excessive levels, thereby avoiding the state 
wherein the food stored in the chilled food case 7 
is frozen. The arrangement wherein the front end 
opening of the closed low temperature compart- 
$ ment 5 and that of the chilled food case 7 in ft can 
be closed by the common cover 8 to obtain a 
closed structure allows the inside of the chilled 
food case 7 to be kept at high humidity due to 
evaporation of moisture from the food to a slight 
w extent. As shown in Figure 3, evaporation of mois- 
ture from the stored food can be restrained to keep 
freshness of the food. 

In addition, because the cooling top plate 16 
which is cooled to the lowest temperature among 
15 the temperatures in the chilled food case is made 
of the porous material capable of holding moisture, 
the cooling top plate can hold in Itself the moisture 
which has evaporated In the chilled food case, and 
no vapor condensation Is formed on other parts. 

ZD 

EMBODIMENT 2: 

Referring now to Figure 4. there is shown a 
second embodiment m Figure 4 which corre- 
26 sponds to Figure i t parts similar to those of the 
conventional refrigerator of Fgures 29 and 30 are 
indicated by thB same reference numerals. Ex- 
planation of those parts will be omitted for the sake 
of simplicity. 

so The second embodiment is characterized in 

that a cooled air return passage 37 is formed in the 
partition wall 4 to direct the cooled air from the 
cooled air path 17 to the evaporator chamber A. In 
the second embodiment a part of the cooted air 
35 which is directed from the evaporator 1 8 toward the 
refrigerating compartment 3 passes through the 
shunt supply passage 15, the amount of that part 
of the cooled air being controlled by the damper 
thermostat 14 which is arranged in the cooled air 
40 outlet 13a. Then that part ol the air enters the 
cooled air path 17. flows along the top plate 1B of 
the chined food case 7, and goes back directly into 
the evaporator chamber A through the cooled air 
return passage 37, thereby cooling the chilled food 
4S case 7 from the top surface independently of the 
refrigerating compartment 

Tne front openings of the low temperature 
compartment 5 and the chilled food case 7 are 
dosed by the cover 8, and the top portion of the 
so chilled food case is closed by the top plate 16. 
This arrangement prevents the cooled air from dr- 
rectry entering the chilled food case 7 while pass- 
ing through the cooled air path 17. and keep high 
humidity in the chilled food case 7. 
56 In accordance with the refrigerator of the sec- 

ond embodiment, the cooled air which has flowed 
along the chilled food case top plate in the low 
temperature compartment is returned directly to 
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the evaporator chamber through the cooled air re- 
turn passage without being discharged into the 
refrigerating compartment. This arrangement offers 
advantage in that the chined food case in the low 
temperature compartment can be Independently 
cooled to a desired temperature without adverse 
effect to the temperature in the refrigerating com- 
partment. 

EMBODIMENT 3: 

Referring now to Figures 5 and 6, there is 
shown a third embodiment wherein locating the 
chilled food case 7 to be housed in the closed low 
temperature compartment 5, and the top plate 1 B 
can be free from variations. In Figure 5, parte 
similar or corresponding to the parts shown in 
Figure 2 are Indicated by the same reference nu- 
merals. Explanation of those parte will be omitted 
for the sake of simplicity. In Figures 5 and 6, 
reference numeral 30 designates an upper frame 
which has the top plate 16 for the chilled food case 
7 put thereon, and which forms between the top 
plate 16 and the undersurface of the partition wall 4 
the cooled air path 17 which communicates with 
the shunt supply passage 15, A rear rib 32 which 
extends downward from the upper frame 30 
through a hinge portion 31 as shown is fixed to the 
outer surface of the rear wall of the chilled food 
case 7 so that the rear rib 32 overlaps with the 
outer surface of the rear wall up to a predetermined 
height. Reference numeral 33 designates a rear 
projecting frame which forms between the rear rib 
32 and itself cooled air outlets 34 In communication 
with the cooled air path 17, which has a rear end 
surface abutted against the inner surface of the 
rear wan of the low temperature housing 9, and 
which is constructed with the rear rib 32 in one- 
piece. 

The arrangement of the third embodiment is 
characterized in that the cooled air passage 19 is 
formed around the chilled food case 7 and along 
the top plate 1B in the optimum manner under the 
state wherein the upper frame 30 and the rear 
projecting frame 33 are mounted in the low tem- 
perature housing 9, and the top plate 16 is put on 
the upper frame 30. 

EMBODIMENT 4 

Referring now to Figures 7 and 8, there is 
shown a fourth embodiment vmerein mounting the 
chilled food case top plate IB into the closed low 
temperature compartment 5 and removing the top 
plate 16 from the closed low temperature compart- 
ment 5 are facilitated. In Figures 7 and 8, parts 
similar or corresponding to those shown in Figure 5 
are Indicated by the same reference numerals. 



Explanation of these parts will be omitted for the 
sake of simplicity. In the fourth embodiment, the 
top plate 16 for the chilled food case 7 which Is 
housed in the low temperature compartment 5 and 
5 which has the cooled air supplied from the evap- 
orator 1ft directed through the cooled air path 17 
on it is formed to be smaller than the size of an 
upper opening of the chilled food case 7. The top 
plate 16 is engaged with an upper opening of the 
to low temperature housing 9 through a surrounding 
frame 35 in a detachable manner to form between 
the chilled food case 7 and the low temperature 
housing 9 the cooled air passage 19 to the refrig- 
erating compartment 3 for the cooled air which has 
rs passed through the cooled air path 17; the sur- 
rounding frame 35 being fitted to the inner periph- 
eral end of the opening of the low temperature 
housing, The top plate 16 is held down from up- 
ward by ribs 3S to prevent inadvertent removal, the 
so ribs 33 being arranged on the undersurface of the 
partition wall 4 to be project therefrom. The top 
plate 16 which is used in the third and fourth 
embodiments does not necessarily need the Inclu- 
sion of the deodorizing catalyst and the antibac- 

ae terial agent. 

The arrangement of the fourth embodiment 
wherein the cooling top plate is arranged above the 
chilled food case and ia engaged with the wall of 
the low temperature housing through the surround 
30 frame fitted to the inner peripheral end of the 
opening of the low temperature housing so that the 
top plate can be removed downward allows the top 
ptate to be removed without detaching the cover or 
the chilled food case. 



36 



EMBODIMENT 5: 



A fifth embodiment of the present invention will 
be described referring to Figure 9. In the fifth 
40 embodiment, the cooling top plate 16 is made from 
hydrophiiic porous sintered resin material which 
comprises a lower part 18b at the side of the low 
temperature compartment 5 and an upper part 1Ba 
at the side of the cooled air path. The upper part 
45 16a is smaller than the lower part 18b in a ratio of 
pores 16c (porosity) because the material which 
will form the upper part 16a is processed at a 
higher temperature during sintering than the ma- 
terial which will form the lower part 16b, and the 
60 upper part material gets denser to decrease the 
porosity. Because the cooling top plate 16 which is 
cooled to the lowest temperature among the tem- 
peratures m the chilled food case Is made from the 
hydrophiiic porous sintered resin material whose 
65 lower part has a moisture absorption and moisture 
retention function and whose upper part has a 
humidity adjusting function, the pores 1 6c in the 
lower part can absorb moisture to prevent dew 
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from being formed even if the ^<*Z*Tl 
tore is at a high level due to the presence of e 
g Lt amount of stored food to <^JftSS 
!y. If the moisture absorption and retenton funrt,on 
^determined to meet the requirements 
the oresence of such great amount of stored food, 

when the amount of stored food is srnalL 
l„ such case, the discharge of moisture is de- 
£J3 to keep the inside of the low temperature 
STpSment 5 at high humidity because the pores 
Tsc in the upper pert which faces 
path is processed under high temperature at he 
IZ of sintering. Tha hydrophilic porous^ antered 
resin material functions to hold 
nores The part of Hie sintered resin matenal at the 
sWeVtow wmperature compartment which isl*. 
S to be at higrhumldlty is required to be apt to 
hold moisture fn order to prevent 
onto the stored food. Conversely, If hgh humidity 
i not liable due to a smalt .oad. there -s a po^bll- 
ity that the presence of the pores d^**™ 
degree of ctoseness to dry the stored food* 
onL to cope with this problem, toepart wtose 
porosity is snTall is positioned at the coded ah ^pato 
side to prevent moisture from being***. _ from toe 
• sintered resin material moisture held ,n * taj W 
manner, moisture is prevented from W"*"* 
and humidity is edited. If moisture 
small amount in the cooled air paih side part, *e 
numidity difference between the cooled air pa* 
ide part and the cooled air is ™f>™ d ™*»Z 
is not apt to evaporate. Converse y « ^ side 
held at a large amount in the cooled - J 

part, moisture is likely » evaporate (humidity ad 
justing function). 

EMBODIMENT 6: 



In ihe fifth embodiment, the cooling top plate 
16 induced in such manner that the s.ntonng 
temperature of one side part is higher than hatof 
Seaside part at the time of ™ 
manner, the forming of the pores IB Mn toe upper 
and lower parts is controlled. As shown « ijj» 
10. the cooling top plate can have the uppe ^r- 
tecs provided with a secondary processed surface 
£ by means of hot stamping P'O^g. P**™ 
or fflm-attaching to decrease toe number of the 
pores 16c in the upper surface. 
* in addttion, if there is a posaMrty toatth* 
amount of moisture absorption is local* ^ H* 
Z top plate IB depending 
tributton. the processing area of the 
processed surface 38 can be ad.ua ed to "crease 
*a discharging amount of moisture loca^y. 

In accordance with the fifth and sorth embodi 
meris. to? inside of the chilled food case can be 



i™t * hioh humidity to restrain toe stored food 
Sting 9 XX, toeroby obtaining high qua*, 
preservation. 

s EMBODIMENT 7: 

referring now to Figures 11 and 12. toere Is 
shown a seventh embodiment of ^Jfi^" 
tion. Figures 11 and 12 correspond 
, Q and 2. in Figure 11. reference numeral *d~ 
igr»tes a defrosting heating element for »e coohng 
Kate, which Is provided on toe * 
the partition wall 4. As shown in Figure ^j^toP 
p| J defrosting heating element 22 is connected in 
* paSlel with the evaporator *^ *J 
ment 21. Both heating element , ere turned on by 
drtvtog relay contacts 25 and 26, , ^^v. * 
certaS intervals which are counted by t.mers 23 
£^4 When defrosting common temperatore 
20 sensors 21a and 22a detect predetenrnined tem- 
oeratures or above, the driving relay corrects 25 
S are turned off to finish defrosting toe evap- 
orator 18 and the top plate 16. in Figure 13. refer 
ence numeral 27 designates a power source. 
* in the seventh embodiment delrosbng , toe top 
p,ato and defrosting the evaporator are earned out 
independently. The present Invention .s also ap- 
pSeto Tease wherein toe top plate defroshng 
Z*2g element 22 is energized In synohromsm 
, e with the evaporator defrosting heating element 21 
m shown In Figure 14. Both heating 
and 22 are turned on by the driving relay contort 
25 for the evaporator defrosting healing element. 
When the defrosting completion tamperatorej sen- 
36 soriiafortoeevaporatordetertsapred^errmn^ 
temperature or above, both heahng elements 21 
andTare turned off by toe driving relay contact 

2S ' present invention is also applicable to a 
m case wherein a bimetallic switch 28 which breaks 
contacts when toe temperature rises to a certain 
Sue is provided at a location near to toe top pteto 
Tto torn off toe top plate defrosting heating 
Ifement 22 when toe temperature ol ** , opptote 
« iBorintoeclosedlowtemperatumcompartoTen^ 
rises to toe certain value. In that case, toe defrost- 
ing heating element 22 Is arranged in a crowded 
2n* particular at a location In close pr^mfty ■» 
an HUM from the shunt supply P^.^ Into Ihe 
50 cooled air path 17. that location being ely to be 
teed because that location has the lowest tempera- 
te. Eh arrangement can equally defrost wrthout 

^accordance with toe seyemh emb^imen. 
„ ev en iftoeccclin g toppiatolslc^ / the,c*fo^ed 

can be melted by the heating element which » 
Ranged in toe cooling air pato above the top 
plate. 
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EMBODIMENT 8: 

An eighth embodiment of the present invention 
win be explained referring to Figure* 11 and 16. In 
the eighth embodiment the coohng top plate 16 
which is made of me porous materiel contains » 
least 2% of a deodorizing catalyst, and at least of 
2% at antibacterial agent such as TBZ (2-(4- 
thlazolirD-benzlmWazole) by weight ratio to the po- 
rous material, the deodorizing catalyst being manly 
composed ol lanthanum oxide, zirconium phos- 
phate and titanium oxide- According to such ar- 
rangement, the deodorizing catalyst and the anti- 
bacterial agent which are contained in the cooling 
top plate 16 exert effect on the cooled air which Is 
passing through the cooled air path 17. Heating 
element 22 is arranged on the ^ d ?' s ^f°*^ 
partition wall 4 to face the top plate 16, thereby 
promoting the effect on <he cooled air by the 
deodorizing catalyst and the antibacterial agent 
The heating element 22 has such arrangement that 
H is periodically energized from a power source 24 
by a timer 23 as shown in Figure 16. In accordance 
with Ihe arrangement of the eighth embodiment, 
the cooled air is directed through the shunt supply 
passage 15 to the cooling top plate 16 which is 
made of the porous material and contains the de- 
odorizing catalyst and the antibacterial agent The 
cooled air flows along the upper surface of the top 
plate -in, passes along the outer surfaces of the 
chilled food case 7 and through the cooled air 
passage 19 on Ihe outer bottom surface of the 
chilled food case 7, and is discharged into the 
refrigerating compartment 3. This arrangement can 
prevent the closed low temperature compartment 5 
from having a fungus or an odor in it 

The decomposition reaction due to the deodor- 
izing catalyst in the top plate 16 is promoted, as 
Shown m Figure 17. by the heating etern** 22 
which is arranged to face the top plate 18. On to 
other hand, although there is a possibility *at the 
closed low temperature compartment 5 gets musty 
due to high humidity, such possibility can be efimh 
nated by the antibacterial agent which is contained 
In the top plate 16. In addition, periodical ener- 
gization to the heating element 22 bythe ,Vm^ 23 
prevents the temperatures in the chilled food I case 
7 and In ihe closed low temperature compartment 
5 Irom rising. 



EMBODIMENT 9: 

A ninth embodiment of the present Invention 
will be explained referring to Figure IB. "n* 0 ™"* 
embodiment the opening and closing corrtro of tee 
damper thermostat 14, the on end °« contact the 
fan 20. the on and off control of the evaporator 
defrosting heating element 21, and the on and ott 



control of the defrosting heating element 22 for the 
cooling top plate 18 are carried out by a microcom- 
puter 3ft. The moisture which has been put as dew 
on the cooling top plate 16 is cooled by the cooled 
s air passing through the cooled air path 17 to oe 
deposited as frost. In order to cope with this prob- 
lem, the microcomputer 39 controls the energy 
tion to the top plate defrosting healing element zz 
at certain intervals to carry out defrosting. At the 
n same time that the defrosting sterts, the micrccom- 
puter controls the damper thermostat 14 to forcibly 
dose Ihe damper, thereby preventing the cooled 
air from passing Ihrough the cooled air path 17 
during defrosting. As a result the heat generated 
« Irom the cooling top plate defrosting heating ele- 
ment 22 is effectively transferred to the cooling top 
plate 16 without having the heat taken ott by the 
cooled air. After the defrosting has been com- 
pleted, the damper thermostat 14 is released from 
a, the forcibly closing instruction, and returns to a 
normal opening and closing control. A timing chart 
and a flowchart which indicate such controls are 
shown in Figures 1ft and 20. respectively. In Rgure 
19, the damper thermostat 14 is closed based on 
2S an instruction from the microcomputer 39 at a time 
t,, and energizing the defrosting heat element 22 
for the cooling top plate 16 simultaneously starts, 
effective defrosting Is carried out in such manner 
that the cooled air is prevented from passing 
OT through the cooled air pa* 17 during defrosting. A* 
a time t? when defrosting has been completed, ihe 
microcomputer 39 issues a damper opening in- 
struction to the damper thermostat 14 to retem to 
the normal opening and closing control. In Rgure 
3S 20, it is determined at Step 60 whether defrosting 
starting conditions are met or not If affirmative, the 
coding top plate heating element 22 * f' 
next Step 61. The damper thermostat 14 forcibly 
doses the damper to carry out defrosting at Step 
« 62. At next Step 63, « is determined wheth^ 
defrosting terminating conditions are met or not « 
affirmative, the cooling top ptete heating element 
22 is turned off at Step 64. and the damper ther- 
mostat 14 Is returned to a normal control at step 
43 65. 

EMBODIMENT 10: 

A tenth embodiment of the present Invention 
w will be explained referring to Figure 21. In Figure 
21, reference numeral 40 designates a temperature 
sensor which detects the temperature of the cooV- 
ing top plate defrosting heating element 22, and 
whose output is transmitted to the microcornputer 
68 39. Although in the ninth embodiment the damper 
thermostat 14 is controlled to forcibly close ,«.. 
damper while the defrosting heating element 22 is 
being energized, m the tenth embodiment the 



PAGE 18/45 1 RCVD AT 7121/2008 4:10:13 PM [Eastern Daylight Time] * SVR:llSPTO-EFXRF-5/26 ' DNIS:2738300 * CSID:612455-3801 * DURATION (mm-ss):06-16 



07/21/2008 14:02 612-455-3801 



HSML, P.C. 



PAGE 19/45 



15 



EP 0 478 122 A1 



16 



microcomputer 39 controls the damper thermostat 
UTS?*" the damper to lower «• 
perature Of the defrosting heatog efemont 22 at *e 

C when fte temperature of Ihe defrosfns jheat- 
U element 22 has achieved T-J££**«J 
outer 39 controls the damper thermostat 14 to 
Sty Close the damper again at the time when 
Se temperature of the ctetrosting h^ng element 
22 has towered to W Such controls *» «J 
temperature ot the defrosting heating element 22 to 
be controlled in the range of AT = ^ W - _W 
preventing the cooling top plate 16 from being 
overheated due to unnecessary he** °y J» 
defrosting heating element 22. In that ^nnerthe 
temperature of the food m the chilled food «*7 
can be prevented from rising to tmpra* prese£ 
vability of me stored food. A liming 
controls and a flowchart thereof are shown in Fig 
ur ea 22 and 23. respectively. In Figure 23. rt * 
determined at Step 70 whether defrosting starting 
Si ere met or not- If affirmative the coolm B 
top plate heating element 22 is torned on and *e 
damper thermostat u forcibly doses the damper 
at Step 71. At Step 72, I is determined whether 
defrosting termination conditions are met or not U 
negative the temperature of the coohng top plate 
18 te compared to a preset acceptable m^mum 
temperature T m „ at Step 73. If the top p atetern- 
perature Is not less than T^. the damper thermo- 
S 14 forcibly opens the damper f *• 
temperature of the coding top platel6 at Step 74^ 
At Step 75. rt Is determined whether defray 
terminating conditions are met or not negajve 
the temperature of the cooling top £ ate 1 °® 
compared to a preset acceptable 
per^e at Step 79. If the top ► plaH <*W™ 
tum is not higher than Tn*., the damper thermostat 
forcibly closes the damper at Step 79. 

EMBODIMENT 11: 



An eleventh embodiment of the preset inden- 
tion will be described referring to Figures Z4 
Siugh 2B. in Figure 24. reference numeral 41 
Sates a control unit which controls the refng- 
designees «. . 42 des i q nates a console 

orator. Reference numeral 4Z assign- . 
panel through which a user can sot 
temperature for the refrigerating I compartmorrt 3 Lh 
Figure 25, then, is shown a schematic block d,a- 
oram of toe control unit. In Figure 25. reference 
numeral 39 designates a 
comprises a CPU 39a. a RAM 39b. •£°M»c£ 
Sput unit 39d. and an outout unit 39*. Refers^ 
numeral 43 designates a *ermistor wh,chd^cte 
the temperature in the frozen food com P ^nenl2- 
Rafere nce numeral 44 designates a tham,^ 
which detects the temperature in the refr.geratng 
SmpaSment 3. Reference numeral 45 debates 



a driving circuit which is used to 
actuators based on output signals from the micro- 
computer 39. Reference numeral 48 designates 
. Dhoto-TRIAC (light receiving side). Reference nu- 
s moral 47 designates a compressor, prance nu- 
meral 48 designates a power »>«*?*T£ 
numeral 49 designates a frequency detector for the 
oower source 48. ... 
The operation of the eleventh embodiment will 
,o be explained referring to a flowchart for heatmg 
control enown in Figure 29. At Step 107 .t .m 
determined whether the heating element's en- 
ergized at 100% ot power input for defrosting or 
not. Then the desired temperature for the frozen 
, 5 food compartment 2 which has been set through 
" STconsole panel 42 Is compared to ■»«£"•; 
ture which is detected by the thermistor JU for 
detecting the actual temperature in the frozen food 
Smpartment 2 (Step 100). II the actual tempera- 
20 tureen the frozen food compartment 2 «s higher 
Than the desired temperature, the compressor 47 
and the fan 20 are driven (Step 101). As a result a 
refrigerant is forwarded to the ^P^ 1 *' *™ 
the cooled air which has been produced by Ihe 
2S tUrotor 18 is carried by the fan ar tc ib, .blown 
off into the frozen food compartment 2. thereby 
cooling it A part of the cooled air is transferred to 
the cooled air outlet 13a through the supply pas- 
cage 13 leading to the refrigerating compartment 3 
so Tne electric damper 14 control the 

ef the cooled air from the cooled a.r 0*113.* 
cool the inside of the refrigeratmg compartmer. 3 
to a desired temperature (e.g. 3'C), «^"9 J* 
desired temperature for the refr.gerahng compart- 
36 ment with the temperature which is detected by he 
thermistor 44 for detecting the actual temperature 
TZ refrigaraling compartment 3 (Steps 102, 103 
la 104). Another part of the cooled air peases 
through the shunt supply passage 15. and flows 
<n ZJ "the upper surf** of the cooling i«fPP^« 
S is made from the porous rnalerial. Thenthat 
part of the cooled air is discharged into the refrig- 
erating compartment 3 through the cooled * pa- 
sage 19 around the outer surfaces and the outer 
48 bo ttom surface of the chilled food case 7. The 
arrangemant wherein the surface of *»co*\y top 
pL which the supplied cooled air - « 
has the lowest temperature among the tempera 
tores In the chilled food case 7 prevents the , tem- 
60 peratures ol the inner bottom surface wrth stored 
£od put thereon and the Inner peripheral surteces 
of the chilled food case 7 from lowering to exces- 
sive levels, thereby avoiding the state 
tood stored in the chilled food case 7 tar frozen. 
a Shough the arrangement wherein the coohng top 
pS 16 which is subjected to the lowest tempera- 
S£ is made from the porous material cepabte of 
helding moisture can hold the mo«ture evaporated 
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from the stored food In the top plate 18. 
possibility *« the surface of the cooling top plate 
IS is toed duo to lowest temperature- In order 
to cope with this problem, there is provided means 
for detecting icing. Specifically, the »me penod T 
in which the compressor 47 Is being te 
measured (Step 105). It is detBrrn,ned whe*B r ^ 
measured time period T has been beyond a pra- 
determined value or not (Step 108). If aW nmrtve, 
toe program proceeds to Step MOB whera, * 
determined whether the temperature detected I oy 
the thermistor 40 for detecting a temperature near 
£ treating element 22 is not higher ^n A or 
not If affirmative, the heating element 22 .sjm- 
ergized under the energizing colons ** shown 
,a 9 Figure 27 (Step 112) to cause the maatura heW 
in the cooling top plate 16 to ^porate. n the 
cooling air path 17, thereby renewmgthe top plate 
16 Turning off the heating element 22 is done 
when the temperature detected by the 9™™^ 
40 has achieved A or above (Steps 107. 108 end 
114). Next, operations other than defrosHng wi« be 
plained. Emanation of 
» the defrosting operation will be «n^ to the 
sate of simplicity. The healing element HNj. » 
ergized under the energizing conditions shownm 
Figures 27 and 20. depending on the desired tem- 
perature for refrigerating compartment 3 and the 
£te of the electric damper 14. thereby keep-ng 
energizing in the chilled food case 7 at constant 
(Steps 109. 110 and 111). 

Arthough the explanation of the eleven* em- 
bodiment has been made J* 
phase control is carried out by the Photo-TRWC 48 
« adjust the heat generation of the heaBng etentent 
22, the present invention fe also applicable to a 
case wherein the heat generation is adjured for 
every time period in e.g. such manner that the 
heating element 22 Is energized for 1 m.nute and « 
turned off for 4 minutes. In that case even anon 
off device such as relay can be used to offer 
advantage similar to the eleventh embodiment. 

Claims 

1. Ara1rigeraterwitoafmzenfoodcomp a rtm«jt 

wherein cooled air which is 
evaporator (18) is forcibly earned to a refrig- 
erating compartment (3) and other compart- 
ments <2. 5) by a ten (20); characterized -n that 

it comprises: .—-m ts\ which 

e low temperature compartment (5) whicn 
is arranged in the refrigerating compartment 
(3), and which has a front portion opened; 
( * a chilled food case (7) which is housed in 
the low temperature compartment J (5 to be 
sndable forward and backward herein end 
which has a front portion and an upper port-on 



a common cover (8) «hich can close and 
disclose the front portions of the low tempera- 
ture compartment (5) and the chilled food case 

(?>: a cooling top plate (16) lot covering the 
upper opened portion of the chilled food case 

(7) ' a cooled air path (17) which Is formed 
between the top plate (18) and the low tem- 
perature compartment (5); and 

a supply passage (13) which directs a part 
of the cooled air produced by the evaporator 
(18) to the cooled air path (17). 

2. A refrigerator according to Claim 1. character- 
ized in mat It further comprises a cooled air 
passage (19) which communicates with we 
cooled air path (17), which is formed on en 
ot£ peripheral surface of the chilted food 
case (7). and which opens on the refrigeratmg 
compartment (3). 



so 



as 



3. A refrigerator according to Claim 1. character- 
25 ized in that ft further comprises a cooled «r 

return passage (37) which returns the cooled 
air to the evaporator (1 8). 

4. A refrigerator according to Claim 1. character- 
ized in that it further comprises: 

a fixing frame for the chilled food case, 
including an upper frame (30) and a rear pro- 
jecting frame (33): 

the upper frame (30) covenng the upper 
opened portion of the chilled food case (7) and 
having the top plate (1B) put thereon: 

me rear projecting frame (33) foaned with 
the upper frame (30) through a hinge portion 
01) in one-piece, forming a part of the cooled 
air passage (19). and having a rear end **face 
abutted against a rear inner wall of 0» low 
temperature compartment (5) to be fixed. 

S. A refrigerator according to Claim i. character- 
's ized in that the cooling top plate (18) « ar- 
ranged above the Chilled food case (7). and * 
engaged with the low temperature compart- 
ment (5) through a surrounding frame (35) so 
as to be detachable downward. *e surround 
so frame (35) being arranged around the cool.ng 
top plate (16), 

6. A refrigerator according to Claim 1; 
lze d in thai the cooling top plate (16) * made 

55 of a porous material- 

7. A refrigerator according to Claim 8. character- 
teed in thai the cooling top plate (16) com- 
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. . > u» Fiemres 21 to 23, or Figures 24 to 28 ol the 

prises a hydrophi.ic ^^^^ acCpaoy^ W 

ing a humidity adjusting function at toe side of >*™ h- 

the cooled air path (17). and a hydroph.lic 
porous material (16b) having a water absorp- 
tion and water retention function at the side of 5 
the chilled food case (17). 

B. A refrigerator according to Claim 6. character- 
ized in that the cooling top plato (16) com- 
prises a hydrophllfc porous material (16a) hav- 
ing a small porosity at the side of the cooled 
air path (17), and a hydrophilic porous material 
(16b) having a great porosity at the side of the 
chined food case (7). 

9. A refrigerator according to Claim t, character- 
ized in that the cooling top plate (16) contains 
a deodorizing catalyst and an . antibacterial 
agent. 

10. A refrigerator according to Claim 1, character- 
ized in thai the cooled path (17) above the 
cooling top plate (16) includes a heating ele- 
ment (22). 

11. A refrigerator according to Claim 10. character- 
ized in that it further comprises control means 
(39) which carries out such control that the 
supply passage (13) is shut while energizing 
the heating element (22) at the time of defrost- 
ing the cooling top plate (16). 

12. A refrigerator according to Claim 1 1 . character- 
ized in that the heating element (22) is pro- 
vided with a temperature sensor (40). and has as 
control means (28. 23. 39) which carrtes out 
such control that the temperature of the heat- 
ing element (22) is kept at constant during 
energization. <0 

13. A refrigerator according to Claim 10, character- 
ized In that It further comprises a heating ele- 
ment (22) for defrosting the cooling top plate 
(16) and controlling the temperature in the 
chilled food case (7). and means (48) tor ad- <s 
justing the heat generation from the heat.ng 
element (22). 

14. A refrigerator according to Claim 13. character- 
ized in that the heat generation adjusting 
means (46) adjusts the heat generation, de- 
pending on the time period in which a com- 
pressor (47) is being driven. 



30 



so 



15. A refrigerator substantially as descnbed wtf 
reference to Figures 1 to 3, Figures 4 toft 
Figures 7 and 8. Figure 9. Figure 10 . RQUJJ 
11 1 to 15 Figures 16 and 17, F.gures 18 to 20, 
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